On the holographic dark energy in chameleon scalar-tensor cosmology by Saaidi, K. et al.
ar
X
iv
:1
40
4.
21
39
v1
  [
gr
-q
c] 
 8 
Ap
r 2
01
4
On the holographic dark energy in chameleon
scalar-tensor cosmology
Kh. Saaidi†1 • H. Sheikhahmadi†z 2 •
T. Golanbari† 3 • S. W. Rabiei† 4
Abstract We study the holographic dark energy
(HDE) model in generalized Brans-Dicke scenario with
a non-minimal coupling between the scalar field and
matter lagrangian namely Chameleon Brans Dicke
(CBD) mechanism. In this study we consider the inter-
acting and non-interacting cases for two different cut-
offs. The physical quantities of the model such as, equa-
tion of state (EoS) parameter, deceleration parameter
and the evolution equation of dimensionless parameter
of dark energy are obtained. We shall show that this
model can describe the dynamical evolution of fraction
parameter of dark energy in all epochs. Also we find
the EoS parameter can cross the phantom divide line
by suitable choices of parameters without any mines
kinetic energy term.
Keywords Generalized chameleon Brans Dicke mech-
anism, Holographic dark energy, Conservation equa-
tion.
1 Introduction
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Perlmutter et al. 1999; Bean et al. 2001; Riess et
al. 2004), Cosmic Microwave Background Radiation
(CMBR) (Bennett et al. 2003) and Sloan Digital Sky
Survey (SDSS) (Abazajian et al. 2003, 2004, 2005;
Tegmark et al. 2004; Hao et al. 2010) indicate that the
Universe is in accelerated expansion regime.
There are two approaches to justify the source of ac-
celerating phase of the Universe. Some people look for
the source of this acceleration in the geometrical part of
the Hilbert-Einstein action and have studied the mod-
ified gravity (Wands 1994; Nojiri and odintsov 2007;
Guranizo et al. 2010; Saaidi et al. 2012a; Saaidi and
Aghamohammadi 2012; Saaidi et al. 2012b; Aghamo-
hammadi et al. 2009, 2010). As a second way, some
researchers propose an eccentric form of matter namely
dark energy (DE) (Boisseau et al. 2000; Sahoo and
singh. 2002, 2003; Capozziello et al. 2003; Faraoni 2007;
Jorge et al. 2010). Although the nature and origin of
the DE are ambiguous for researchers up to now, but
people proposed some useful candidates which could
satisfy both theoretical and observational results (No-
jiri and odintsov 2004; Padmanabha 2003; Biswas et
al. 2006; Sahni et al. 2003; Arkani-Hamed et al. 2004;
Piazza and Tsujikawa 2004). Amongst these propos-
als cosmological constant model ,Λ, is the fundamen-
tal block. It is clear that this model suffers from two
well known problems i.e. the ”cosmological coincidence
problem” and ”the fine tuning problem”, we refer the
reader for more details to (Einstein et al. 1917; Peebles
and Ratra 2003; Carroll 2001; Sahni and Starobinisky
2000; Padmanabha 2003; Steinhard 1997).
Recently scalar field models attract more attentions
to investigate the behavior and nature of the DE. Most
of DE models treat scalar fields as DE component with
a dynamical equation of state. The basic dynamical
DE proposal which is called ”quintessence” model con-
sider the slow-roll down of a scalar field and suggests
an energy form with negative pressure (Peebles and Ra-
2tra 1988; Clemson and Liddle 2009; Wetterich 1988;
Copeland et al. 2006; Steinhardt et al. 1999; Caldwell
and Steinhardt 1998; Carrol et al. 2004; Capozziello
et al. 2006; Nojiri and Odintsov 2006). Another suit-
able framework to investigate the behavior of DE is
chameleon mechanism (Mota et al. 2004; Khoury and
Weltman 2004a; Khoury and Weltman 2004b). In this
mechanism scalar field has a non-minimal coupling with
matter sector. Chameleon mechanism provides an al-
ternative mechanism to satisfy the constraints from lo-
cal test of gravity. For more acquaintance we refer the
reader to (Armendariz-Picon et al. 2000, 2001; Chiba et
al. 2000; Caldwell 2002) and the works which are there.
In recent years some problems risen with BD model
or chameleon model alone in cosmology, so some re-
searchers such as, (Clifton and Barrow 2006) and (Das
and Banerjee 2008), have studied the frame work which
scalar field has non-minimal coupling with both the ge-
ometry and matter sectors so-called CBD mechanism.
For future studies about CBD mechanism we refer the
reader to (Kamenshchik et al. 2001; Bento et al. 2002;
Saaidi et al. 2011a; Saaidi and Mohammadi 2012; Fara-
jollahi and Salehi 2011a; Farajollahi et al. 2011b,c).
Also some other DE models ( which arise from space-
time fluctuations and quantum gravity) such as, age-
graphic DE models (original and new model) (Wei and
Cai 2008a,b), and holographic DE models (HDE) (Gu-
berina et al. 2007; Susskind 1995; Enqvist and Sloth
1995; Nozari and Rashidi 1995; Aghamohammadi et al.
2011) have been introduced. Amongst various scenar-
ios to describe the accelerating expansion of the Uni-
verse, the holographic dark energy (HDE) model have
got more attentions. Based on the quantum gravity,
the density of HDE is regarded as zero-point energy
density and defined versus L, the size of the Universe,
as follows (Cohen et al. 1999)
ρΛ = 3c
2M2pL
−2, (1)
where L is the size of the Universe, 3c2 is introduced for
convenience and Mp = 1/
√
8piG is the reduced Planck
mass where G is the Newtonian gravitational constant.
The HDE is studied for different choices of infrared
cutoffs of the Universe, e.g., Hubble horizon, particle
horizon, future event horizon (Huang and Gong 2004;
Wang et al. 2004; Enqvist et al. 2004; Elizalde et al.
2004). In the context of standard model of cosmology
and for a non interacting case, if we take the particle
horizon as an infrared cutoff, the accelerated expansion
of the Universe cannot be explained (Li 2004), and if
the Hubble horizon chooses as the cutoff, then an ap-
propriate equation of state parameter for dark energy
cannot be derived (Hsu 2004), only the future event
horizon has reasonable behavior which is done in (Li
2004; Jamil et al. 2011).
Besides of these studies, some researchers studied the
HDE model in CBD scenario for future event horizon
and didn’t recognize the basic feature of this model 1.
These incorrect studies and existence another infrared
cutoff, conformal-age-like cutoff, motivated us to inves-
tigate the HDE in generalized CBD model of cosmol-
ogy. In this paper we consider the interacting and non
interacting cases of HDE model in generalized CBD sce-
nario for two different cutoffs, future event horizon and
conformal-age-like cutoff respectively.
The scheme of this paper is as follows: In Sec. 2
HDE model in generalized CBD scenario is considered.
The scalar and gravitational field equations are ob-
tained and also conservation equation of energy den-
sity is modified. In Sec. 3 Future event horizon has
been considered as an IR cutoff and therefore the EoS,
deceleration parameters and other relevant quantities
for both interacting and noninteracting cases have ob-
tained. In Sec. 4 A new cutoff so called ”conformal-
age-like length” cut off, which arises from the four di-
mensional space-time volume at cosmic time t in the
flat Fridmann, Limature, Robertson, Walker (FLRW)
Universe is considered. The last section is devoted to
some concluding remarks and discussions.
2 Field equations and conservation relation of
energy
Generalized CBD theory in which scalar field has
non-minimal coupling with both geometry and matter
sectors is considered as
A =
∫
d4x
√−g
[
1
2
{
φR − ω(φ)
φ
∇aφ∇aφ− V (φ)
}
+ f(φ)Lm
]
, (2)
where R is the Ricci scalar, ω(φ) is the CBD parameter
( i.e., as a coupling function), and Lm is the lagrangian
of the matter. φ is CBD scalar field and V (φ) is inverse
power law potential which defined as V (φ) = M4+ν/φν
with a positive constant ,ν, (Peebles and Ratra 1988;
Wang et al. 2006; Bine′truy 2000; Saaidi et al. 2011b).
Note that the last term in the action indicates the inter-
action between the matter and some arbitrary function
1Some features of this model is studied in Phys. Lett. B 697, 285
(2011). But the fundamental property of the model is recognized
wrong and then the whole results of it are incorrect. We tried to
correct the mentioned paper and extended our investigation to
other features of the model
3f(φ) of the CBD scalar field. One can obtain the gravi-
tational and scalar field equations of motion by varying
the action (2) with respect to (w.r.t) gab and φ respec-
tively. The gravitational field equation is
φGab ≡ φ
[
Rab − 1
2
gabR
]
= f(φ)Tab + T
φ
ab, (3)
whereGab is the Einstein tensor, Rab is the Ricci tensor,
Tab is the energy-momentum tensor of the matter which
is given by
Tab = − 2√−g
δ[
√−gLm]
δgab
, (4)
and T φab is defined as
T φab =
ω
φ
[
∇aφ∇bφ− 1
2
gab∇cφ∇cφ
]
+∇a∇bφ
− gab∇a∇aφ− 1
2
gabV (φ). (5)
We suppose that all components of matter (cold dark
mater and DE) are perfect fluid and then we can intro-
duce the stress-energy tensor of matter as
Tab = (ρt + pt)uaub + ptgab, (6)
where uµ is the four-vector velocity of the fluids and ρt
and pt indicate the total energy density and pressure
respectively.
The scalar field equation of motion is obtained as[
2ω(φ) + 3
]
∇a∇aφ = f(φ)T − 2φf ′(φ)Lm + φV ′(φ)
− 2V (φ)− ω′(φ)∇aφ∇aφ, (7)
where T is the trace of Tab and prime denotes derivative
with respect to φ. Setting f(φ) = 1 and V (φ) = 0, the
above equations reduce to those of Ref. (Kamenshchik
et al. 2001; Bento et al. 2002; Saaidi et al. 2011a; Saaidi
and Mohammadi 2012).
It is seen that for solving (7) we need an explicit
form of matter Lagrangian, Lm. The Bianchi identities,
together with the identity (∇a−∇a)Vc = Rab∇bVc,
imply the non-(covariant) conservation law
∇aTab =
[
T ab − δabLm
]∇a ln(f), (8)
and, as expected, in the limit f(φ) = constant, one
recovers the conservation law ∇aT ab = 0 2.
2Eq. (8) is not recognized correctly in Phys. Lett. B 697, 285
(2011), therefore the results which obtained in their work is not
correct.
We consider, the homogeneous and isotropic FLRW
background metric with line element
ds2 = −dt2 + a2(t)
[
dr2
1− kr2 + r
2(dθ2 + sin2 θdφ2)
]
.
(9)
Where a(t) is the scale factor and k = −1, 0,+1 indicate
the open, flat and close Universe respectively. From
Eqs. (3), (6) and (9), one can obtain the components of
gravitational equation as
3
(
H2 +
k
a2
)
=
f(φ)
φ
ρt − 3 a˙
a
(
φ˙
φ
) +
ω(φ)
2
φ˙2
φ2
+
V (φ)
2φ
,
(10)
2H˙+3H2+
k
a2
= −f(φ)
φ
pt−ω(φ)
2
φ˙2
φ2
−2 a˙
a
(
φ˙
φ
)− φ¨
φ
+
V (φ)
2φ
.
(11)
Here H = a˙/a is the Hubble parameter, and dot indi-
cates differentiative w.r.t the cosmic time, t.
Whereas perfect fluid is an averaged properties of
matter then it is not necessary to know an exact de-
scription of matter, therefore it is more common to work
directly with energy-momentum tensor instead of La-
grangian. But in present model the Lagrangian, Lm, is
explicitly appeared in equation of motion of scalar field,
(7), and we have to know what is it?. It was considered
that Eq. (4) can give us a stress-energy tensor, (6), for
a perfect fluid with a matter Lagrangian as Lm = pt
(Brown 1993; Haeking and Ellis 1973; Gibbson and
Hawking 1997; Saaidi 2012), where pt is the pressure
of the fluid. In fact the on-shell action, which is the
proper volume integral of the pressure
A(on− shell) =
∫
d4x
√−g pt(µ, s), (12)
give the stress-energy tensor, (4), by varying it w.r.t
gab. By adding some surface integral to the above ac-
tion, the action will change its on-shell value without af-
fecting the equation of motion. By considering this fact
it is shown that, Lagrangian is not unique. It is found
that the other choices can be −ρt(n, s) and −nat(n, T )
(Brown 1993; Haeking and Ellis 1973; Gibbson and
Hawking 1997) where ρt is the total density energy, n
is the density of particles, at(n, T ) = ρt/n− T s, is the
physical free energy, T is temperature of fluid and s is
entropy. For a complete review see (Gibbson and Hawk-
4ing 1997; Brown et al. 1993).3 Based on the earlier dis-
cussion, Eq. (13) with together (4) give a stress-energy
tensor of matter as (6).
In this work, we assume
Lm = pt, (14)
so Eq. (7) is reduced to
[
2ω(φ) + 3
]
Υ =[
ρt − 3pt
]
f(φ) − 1
2
φf ′(φ)pt + 2V (φ) − φV ′(φ). (15)
Where Υ =
[
φ¨+ 3Hφ˙+ ω
′(φ)
2ω(φ)+3 φ˙
2
]
. By using Eqs. (8)
and (14) one can attain conservation equation as
ρ˙t + 3Hρt(1 + ωt) = − f˙
f
(1 + ωt)ρt, (16)
where ρt = ρΛ+ρm and we have used pt = ωtρt. Notice
pt = pΛ + pm yields pt = ωtρt = ωmρm+ ωΛρΛ. So one
can rewrite (16) as follows
ρ˙Λ + 3HρΛ
(
1 + ωΛ
)
= − f˙
f
(1 + ωΛ)ρΛ, (17)
ρ˙m + 3Hρm
(
1 + ωm
)
= − f˙
f
(
1 + ωm
)
ρm. (18)
So according to the original definition of HDE den-
sity, Eq. (1), the HDE density in the CBD scenario is
defined as
ρΛ =
3c2M2Pφ
L2
, (19)
moreover, critical energy density, ρc, and energy density
of curvature, ρk, in the generalized CBD model, are
ρc = 3φH
2, (20)
ρk = −3φk
a2
. (21)
3Some authors have chosen Lm = T/4 ( here T is the trace of
matter stress-energy tensor), and eliminate the Lagrangian, Lm,
in Eq. (7) According to our definition, this choice is
Lm = −
1
4
ρt +
3
4
pt. (13)
But for the case which matter (perfect fluid) has an interaction
with other components of the model, the degeneracy is broken
(Saaidi 2012). In fact it is shown that the degeneracy definition
of ρt and Pt are not equivalent, therefore the motion of perfect
fluid is geodesic only for lagrangian density Pt.
For more convenience we consider M2P = 1. There-
fore energy density parameters are obtained as
ΩΛ =
ρΛ
ρc
=
c2
H2L2
, (22)
Ωk =
ρk
ρc
=
k
a2H2
, (23)
Ωm =
ρm
ρc
=
ρm
3H2φ
. (24)
Based on these dimensionless density parameters, we
can rewrite Eq. (10) as
f(φ)Ωt +Ωk +
1
2
ΩV +Ωφ = 1, (25)
where
Ωφ =
1
3H2
[
ω(φ)
2
φ˙2
φ2
− 3 a˙
a
(
φ˙
φ
)
]
, (26)
ΩV =
V (φ)
3H2φ
. (27)
3 Future event horizon as an IR cut off
In this Section we want to calculate the physical quan-
tities for a special cut off namely future event horizon.
Event horizon is defined as L = ar(t), where a is scale
factor and r(t) is
r(t) =
1√
|k|sinn(
√
|k|y) =


sin(y) ; k = +1
y ; k = 0
sinh(y) ; k = −1.
(28)
In this relation y = Rh/a(t) where Rh is future event
horizon and sinn(
√
|k|y) indicates elliptic functions. So
taking derivative L w.r.t the cosmic time and using
Eq. (28) yeilds
L˙ = HL+ ar˙(t) =
c√
ΩΛ
− cosn(y˜). (29)
where y˜ =
√
|k|y and
cosn(y˜) =


cos(y) ; k = +1
1 ; k = 0
cosh(y) ; k = −1.
(30)
3.1 Non-interacting HDE in CBD model
Now from conservation equation which is defined in
Eq. (17) and definition of ρΛ, Eq. (19), we can attain
ωΛ. So taking derivative Eq. (19) w.r.t the time gives
ρ˙Λ = ρΛ
(
φ˙
φ
− 2 L˙
L
)
. (31)
5For calculating (31), we must to find out an explicit
form for φ, which is the solution of Eq. (15), but since
Eq. (15) is not an independent equation, therefore ob-
taining an explicit form for φ is not possible. So we
should remove the extra freedome, φ, from the equa-
tions of motion. Recently people have considered the
CBD scalar field as a power of the scale factor which
is in a good agreement with the results of recent obser-
vational and experimental data (Banerjee and Pavon
2007). Therefore according to (Banerjee and Pavon
2007), we accept the following ansatz for φ and f(φ)
φ = aσ, f(φ) = λφξ. (32)
In the BD model one can define Geff ∝ 1/φ, where
Geff is the effective Newtonian gravitational con-
stant. Since the observational data requires a con-
straint on Geff as |G˙eff/Geff | ≤ 3.32 × 10−20s−1
(Will 1993; Acquaviva and Verde 2007), then from
|φ˙/φ| = |G˙eff/Geff | = σH , one can restrict the value
of σ which approximately is σ ≤ 0.01. On the other
hand there is no any constraint on λ and ξ, and based
on observational evidences we should find out some con-
straints on them. So according to this choice one can
rewrite Eqs. (17) and (18) as
ρ˙Λ + ηHρΛ
(
1 + ωΛ
)
= 0, (33)
ρ˙m + ηHρm
(
1 + ωm
)
= 0, (34)
where η = (3+σξ). Therefore, from Eqs. (29), (31) and
(33) one can obtain ρ˙Λ as
ρ˙Λ = ρΛH
[
σ − 2 + 2
c
√
ΩΛcosn(y˜)
]
, (35)
so the EoS parameter in noninteracting case is
ωΛ = −1− 1
η
[
σ − 2 + 2
c
√
ΩΛcosn(y˜)
]
. (36)
Note that in comparison with EoS in the noninteract-
ing case which is obtained in Phys. Lett. B 697,
285 (2011), one can see that our results contain the
chameleon effect which appeared in the action. It is
important to note that for f(φ) = 1 (ξ = 0) this model
reduces to generalized BD model and Eq. (33) reduces
to its respective expression in BD model.
From (36) it is seen that for 0 < c <
√
ΩΛcosn(y˜) and
any arbitrary positive value of ξ, the equation of state
parameter, ωΛ, is less than −1. This means that in
this case the EoS parameter of HDE crosses the phan-
tom divide line ωΛ = −1. On the other hand, since
σ ≤ 0.01 and it is very small than other quantities in
Eq. (36), then for c ≥ 1 the EoS can not crosses the line
ωΛ = −1 unless ξ < 0 and |ξ| > 3/σ. This means that
this model can crosses the phantom divide line with a
suitable choices of parameters.
Another useful cosmological parameter is decelera-
tion parameter which is defined as
q =
−a¨
aH2
= −1− H˙
H2
. (37)
So using Eqs. (11), (22), (24), (26), (27) and (32), one
can attain q as
q =
1
(σ + 2)
[
3f(φ)ΩΛωΛ − 3
2
ΩV + (σ + 1)
2
+ σ
{ω(φ)σ
2
− 1
}
+Ωk
]
. (38)
In the present time f(φ) = λ, ΩΛ = 0.74, Ωk =
0.02, σ = 0.01 and we can approximate the function of
ω(φ) ≃ ω0 = 40000. Then one can get to
q ∼= −1.493
[
0.74|λωΛ|+ 1
2
|ΩV | − 0.41
]
, (39)
it is obviously seen that, the deceleration parameter can
be negative by a suitable choice of λ.
In this stage we examine the evolution of ΩΛ. Using
Eqs. (22), (29) and (37) we have
d ln(
√
ΩΛ)
d ln(a)
= q +
√
ΩΛ
c
cosn(y˜). (40)
Moreover, for checking the evolution of the EoS, ωΛ,
we have to examine ω˙Λ. We calculate the time deriva-
tive of ωΛ and get
ω˙Λ = −2H
√
ΩΛ
cη
[{
q +
1
c
√
ΩΛcosn(y˜)
}
cosn(y˜)
+
√
|k|
aH
sinn(y˜)
]
. (41)
In a spatially flat FLRW Universe, Eq. (41) becomes
ω˙Λ = −2H
√
ΩΛ
cη
[
q +
1
c
√
ΩΛ
]
. (42)
Note that in the accelerated expansion phase of the
Universe, q < 0, so Eq. (41) implies ω˙Λ < 0 only for
|q| < √ΩΛ/c. Therefore in this case the EoS parameter
of HDE in generalized CBD scenario evolves to super-
negative value. Indeed this means that if |q1| <
√
ΩΛ/c
(where |q1| = |qωΛ=−1|), then the phase transition take
place from quintessence phase to phantom phase and
vice versa (i.e., if |q1| >
√
ΩΛ/c then the phase transi-
tion is take place from phantom phase to quintessence
phase.)
63.2 Interacting HDE in generalized CBD model
In this step we consider an interacting between dark
energy candidate (HDE) and (dark) matter. Recently
interacting between DE and dark matter attracts very
attentions, because the problems which arise from non-
interacting case have improved by it. For more con-
versancy we refer the reader to study the recent works
(Jamil et al. 2011; Saaidi et al. 2012c) and references
there in. In fact the study of this interacting model
should be done in a quantum gravity mechanism, but
unfortunately such a model is not completely composed
up to now. Following recent researches an interacting
term Q has been considered which it play a source-like
behavior. Therefore in this case, we can write the mod-
ified conservation equations as follows
ρ˙Λ + ηHρΛ
(
1 + ωΛ
)
= −Q, (43)
ρ˙m + ηHρm
(
1 + ωm
)
= Q. (44)
Where Q is direct interaction between (dark) matter
and DE. Therefore using Eqs. (35), (43) one can obtain
the EoS parameter in the interacting case as
ωΛ = −1− 1
η
[
σ− 2+ 2
c
√
ΩΛcosn(y˜)+Q/(ρΛH)
]
. (45)
People have considered some well known candidates for
interactive term, which amongst them we consider Q =
3b2HρΛ. Here b is a real constant. So Eq. (45) becomes
ωΛ = −1− 1
η
[
σ − 2 + 2
c
√
ΩΛcosn(y˜) + 3b
2
]
. (46)
By comparing Eq. (46) with Eq. (36), one can see
that the direct interaction between (dark) matter and
DE helps phantom divide line crossing in this model.
Whereas the EoS parameter in this case differs from
EoS in noninteracting case we should obtain decelera-
tion parameter in this case. Therefore from Eqs. (25),
(30) one can attain
q =
1
(σ + 2)
[
3f(φ)ΩΛωΛ − 3
2
ΩV + (σ + 1)
2
+ σ(
ω(φ)σ
2
− 1) + Ωk
]
. (47)
Notice that the deceleration parameter in interacting
case explicitly contain the CBD scalar field function as
the same as noninteracting case. We should emphasize
that the q which obtained in noninteracting case in the
(Phys. Lett. B 697, 285 2011) is not a function of the
f(φ) and is mentioned as a minor mistake. Note that
the form of the deceleration parameter in interacting
case is similar to non-interacting case but the equations
of state parameter against the EoS. Also the evolution
equation of dimensionless parameter, ΩΛ, is such as (40)
versus new q, (47), then it is not necessary to find them
again.
4 Conformal-age-like length as an IR cut off
In this section we take a conformal age like parameter
as the characteristic length scale L, which is defined in
the flat FLRW Universe as follows
L =
1
a4(t)
∫ t
0
dt′a3(t′). (48)
where a(t) is the scale factor (Huang and Wu 2011). So
taking derivative with respect to the cosmic time from
L and using Eqs. (19) and (28) we find
L˙ = −4LH + 1
a
, (49)
4.1 Non-interacting HDE in CBD model
Now from conservation equation, Eq. (17), and defini-
tion of ρΛ, Eq. (19), we can attain ωΛ.
ωΛ = −1− 1
η
[
σ + 8− 2
ca(t)
√
ΩΛ
]
. (50)
It is seen that at present time and for c ≥ 1, ωΛ < −1
i.e., this model can cross the phantom divide line. Also
the deceleration parameter is
q =
1
(σ + 2)
[
3f(φ)ΩΛ
{
− 1− 1
η
(
σ + 8− 2
ca(t)
√
ΩΛ
)}
− 3
2
ΩV + (σ + 1)
2 + σ(
ω(φ)σ
2
− 1)
]
. (51)
In order to gain better insight we focus on the situa-
tion which ω(φ) = ω0 = 40000. So in this case one can
obtain the equation of motion for dimensionless param-
eter of dark energy density as
θΩ′Λ = ΩΛ
[{
η(1 + ωm) + σ + 8− 2
ac
√
ΩΛ
}
(θ − ΩΛ)
+
1
2
(ξ + ν)σΩV
]
, (52)
where θ = 1 − σ(σω0/6 − 1). Accepting that the Uni-
verse had the inflation epoch with ωm = −1, the ra-
diation epoch with ωm = ωr = 1/3 , and the matter
dominant epoch with ωm = 0 before entering into the
accelerating expansion phase, we want have an approxi-
mately investigation of L and ΩΛ in these three epochs.
7In fact we want to obtain the fractional density of dark
energy in the early universe from directly calculation.
In this part of our work we assume the EoS parameter,
ωm is constant in all epochs. So according to Eq. (34)
we have ρm = ρ0a
−η(1+ωm) and from Eq. (10) we have
H2 ≃ (λρ0
3θ
)
a−2ζ +
(M5
6θ
)
a−2σ, (53)
where the density of dark energy is ignored in early
time. And since
ζ =
1
2
(3 + σ + ηωm)≫ σ, (54)
then the second term in the right hand side of Eq. (53) is
negligible with respect to the first one and this relation
reduced to
H2 ≈ (λρ0
3θ
)
a−2ζ . (55)
Therefore, from (48) we have
L =
(ai
a
)4
Li +
1
3 + ζ
[ 1
Ha
− 1
Hiai
(ai
a
)4]
, (56)
where Li = (1/a
4
i )
∫ ti
0
dta3(t) and subscript ”i” indi-
cates the value of corresponding quantity at the begin-
ning of the epoch. Also a is the scale factor out of
matter dominant epoch. This means (ai/a)
4 ≪ 1, so
we have
L ∼ ( 1
3 + ζ
) 1
Ha
, (57)
and from (22) we have
ΩΛ ∼ λ(3 + ζ)2c2a(2+σξ), (58)
Since c is at order of unity and σ is very small, then
Eq. (58) shows that the value of dimensionless param-
eter of dark energy before the accelerating expansion
phase is very small. In fact Eq. (58) is an approximated
solution for early time until matter dominant, so we can
not match it with the present value of fractional param-
eter of dark energy. Therefore to obtain the reasonable
value of parameters, we should find the exact solution
of Eq. (52) and matching it with the present value of
dark energy.
4.2 Interacting HDE with conformal age like length
In this section we consider an interaction between DE
and the matter similar to Subsection.B in pervious Sec-
tion. In this case the modified conservation equations
are Eqs. (43) and (44). Then using Eqs. (31), (43) and
(49) one obtains the EoS parameter as
ωΛ = −1− 1
η
[
σ + 8− 2
ca(t)
√
ΩΛ +Q/ρΛH
]
, (59)
and for Q = 3b2HρΛ, Eq. (59) becomes
ωΛ = −1− 1
η
[
σ + 8− 2
ca(t)
√
ΩΛ + 3b
2
]
. (60)
Eq. (60) shows that the direct interaction between
(dark) matter and dark energy helps to crossing the
phantom divide line.
Finally, the deceleration parameter of HDE model in
CBD scenario for conformal age like length is attained
as
q =
1
(σ + 2)
[
3f(φ)ΩΛ
{
− 1− 1
η
(
σ + 8− 2
ca(t)
√
ΩΛ
)
+ Q/ρΛH
}
− 3
2
ΩV + (σ + 1)
2 + σ(
ω0σ
2
− 1)
]
. (61)
In the present time f(φ) = λ, ΩΛ = 0.74, Ωk =
0.02, σ = 0.01 and we can approximate the function of
ω(φ) ≃ ω0 = 40000. Then one can get to
q ∼= −1.493
[
0.74|λωΛ|+ 1
2
|ΩV | − 0.41
]
, (62)
it is obviously seen that, the deceleration parameter can
be negative by a suitable choice for λ. The differences
between Eq. (62) and Eq. (40) is |ωΛ| in which the value
of |ωΛ| in Eq. (62) is bigger than it in Eq. (40).
5 Conclusion and discussion
In this paper, we have considered holographic dark
energy (HDE) in the Brans-Dicke cosmological model
with a non-minimal coupling between the chameleon
scalar field and matter. This model has a dynami-
cal time dependent scalar field which behave like dark
energy and then it might produce cosmic accelera-
tion. However, we suppose the matter sector consists
of matter and dark energy, so this means that we have
assumed an interaction between the scalar field and
dark energy too. This fact is clearly seen in Eqs. (10)
and (11). Actually, non-minimal coupling between the
scalar field and matter field generalizes the conservation
equation of energy density which is diagnosed wrong in
(Phys. Lett. B 697, 285 2011).
We studied the interacting and non-interacting cases
of this model for two different infrared cutoffs; future
8event horizon and conformal-age-like length. We ob-
tained the EoS parameter, deceleration parameter and
fraction parameter of dark energy for two mentioned
cutoffs and we found that phantom crossing is possi-
ble in both of cutoffs by tuning the free parameters
of the model. Note that in almost every cosmological
model the fine tuning of parameters is necessary and our
model also is not exception. At the end, comparing the
obtained results for two mentioned cutoffs, show that
the phantom crossing with conformal-age-like length is
more possible than future event horizon cutoff.
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